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ADP：  Adenosine diphosphate，二磷酸腺苷 
AP：    Alkaline phosphatase，碱性磷酸酶 
ATP：   Adenosine triphosphate，三磷酸腺苷 
Chl a：  Chlorophyll a，叶绿素 a  
CoA：   Coenzyme A，辅酶 A 
DDT：  Diatoxanthin，硅藻黄素 
DDX：  Diadinoxanthin，硅甲藻黄素 
FCP：   Fucoxanthin Chl a/c light-harvesting protein， 
岩藻黄素-叶绿素 a/c 光捕获蛋白 
G3PDH：Glyceraldehyde -3- phosphoglycerate dehydrogenase 
甘油醛-3-磷酸甘油酸脱氢酶 
IDH：   Isocitrate dehydrogenase，异柠檬酸脱氢酶 
LFQ-LC-MS/MS：Label free liquid-chromatography mass spectrometry， 
非标记定量液相质谱联用 
N:      Nitrogen 氮 
NPQ：  Non-photochemical quenching，非光化学淬灭 
P：     Phosphorus 磷 
PEPC：  Phosphoenolpyruvate carboxylase，磷酸烯醇丙酮酸羧化酶 
Per：    Peridinin，多甲藻素； 
PK：    Pyruvate kinase，丙酮酸激酶 
PP：    Particulate phosphate，颗粒磷 
RNA：  Ribonucleic acid，核糖核酸 
SCS：   Succinyl CoA deacylase，琥珀酰 CoA 合成酶 
SRP：   Soluble reactive phosphorus，活性磷酸盐 
tRNA：  Transfer RNA，转运 RNA 
β-car：  β-carotene，β-胡萝卜素 































3. 磷饥饿条件下，东海原甲藻细胞内 Chl a 含量显著下降，但其多甲藻素和
硅甲藻黄素以及 Chl c1+c2 等捕光色素的含量维持不变，并提高其细胞内捕光色
素复合体蛋白含量来保持其光合作用的捕光能力；同时卡尔文循环中的固碳和还
原过程上调，因此可以在细胞内积累碳水化合物。 
4. 磷饥饿的威氏海链藻添加 f/20 培养条件（3.6 μmol·L-1，PO4
3-）的磷酸盐




5. 磷饥饿处理会降低中肋骨条藻的生长速率和 大生物量，添加 3.5 
μmol·L-1 磷酸盐后，在 8 小时内，磷饥饿后中肋骨条藻快速合成 Chl a，同时积
累多聚磷酸盐。东海原甲藻细胞内的磷储库比较大，磷饥饿处理对东海原甲藻的














摘  要 
XI 
6. 磷饥饿的威氏海链藻的在添加磷酸盐后，Chl a 恢复到对照组水平，甚




7. 磷饥饿的东海原甲藻细胞添加磷酸盐后，f/40 添加组（1.8 μmol·L-1，SRP）
的光捕获蛋白与主要的光捕获色素（Chl a 和硅甲藻黄素）都超过了对照组，显

































   The studies on physiological and proteomic responses of typical red tide species 
(Prorocentrum donghaiense and Skeletonema costatum) and a physiological 
well-studied diatom species Thalassiosira weissflogii under different phosphate 
availability were carried out in this dissertation. We investigated the changes of 
biochemical macromolecules (e.g. peotein, carbohydrate, pigment) and metabolic 
pathways. The main results are as follows: 
1. The Hofstee transformation curves showed P. donghaiense owned one 
phosphate transport system while the other two test species owned two. When 
phosphate was depleted, S. costatum was advantaged in gaining phosphate due to the 
low constant of uptake kinetics (Ks), and then came to T. weissflogii.  
2. Under P deficiency, cellular pigment content and fucoxanthin chlorophyll a/c 
light-harvesting proteins decreased in T. weissflogii, and the ribosome subunits and 
tRNA synthetases were down-regulated as well. On the other hand, the glycolysis 
progresse was up-regulated under phsoaphate deficiency, suggesting an increasing 
utilization in cellular carbohydrate under phosphate deficiency. The up-regulated 
sulfolipid biosynthesis protein in phosphate deficient culture suggested a switch in 
phospholipids for sulfolipids. In addition, a phosphate transporter was also 
up-regulated under phosphate deficiency. Our results revealed that T. weissflogii had 
sophisticated responses in multiple biochemical pathways under phosphate deficiency, 
which were likely critical for this species to survive under various phosphate 
availability in environment. 
3. The cellular Chl a content of P. donghaiense decreased under phosphate 
deficiency condition while the other pigments (e.g. peridinin, diadinoxanthin, Chl 
c1+c2) remained the same. At the same time, the light-harvesting proteins were 
up-regulated. The carbon fixation step was also up-regulated in Calvin cycle. The 
responses might be adjusted to retain the photosynthesis rate and fix more CO2 to 
accumulate carbohydrate while the carbohydrate content was higher under phosphate 
deficient condition. The cellular particulate phosphate was much lager than that in T. 
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